The primary job of cement is a critical step in successful well completion. To achieve effective cementing job, complete mud removal from the annular space is recommended. Spacer and flushers are used widely to achieve this goal. This study is about weighted cement spacer systems containing a surfactant package, weighting agent and rheological modifiers. Weighted spacer systems are utilized when a high formation fluid pressure is expected inside the wellbore. A testing program is conducted in laboratory to determine the spacer fluid rheological properties at different temperatures. The measured rheological properties are estimated using the known rheological models. Each model is firstly optimized using genetic algorithm as an optimization tool and then the rheological properties are modeled. The performance of the genetic algorithm is then tested by comparing the real laboratory data and modeled data. The results show that the polymer based spacer systems are better described using Herschel Bulkley Model. Also, it is concluded that the genetic algorithm with a good formulation can be used as an effective optimization tool to predict the rheological properties of the spacer systems.
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INTRODUCTION 1
Cementing a wellbore is a major stage in well completion and an initiation for production operations. An effective cementing job will reduce the future costs of work over operations. One of the primary objectives of the cementing operations is zonal isolation. For effective zonal isolation and optimum hydrocarbon production during the life of the well, the entire drilling fluid in the annular space should be removed. Over the years, several practices have been employed to help achieve mud removal and successful zonal isolation [1] :  Conditioning the drilling fluid, chemically and physically.  Using spacer and flushes capable of mud removal.  Optimizing cement-slurry viscosity to maximize displacement and safe circulating pressures.  Centralization of the pipe.  Pipe movement: reciprocation, rotation, or both.  Adjusting fluid displacement rates to provide optimum displacement efficiency.  Using proper cementing systems. From industry practices, efficient mud removal can be achieved, using spacers and flushes before cement is placed [2] . Except mud removal, spacers serve various other functions, including avoiding formation of drilling fluid and cement mixture and removal of gelled mud developed on the formation walls. A weighted spacer may contain a suitable surfactant package, a weighting agent to adjust the spacer's density and a rheological modification agent [3] . The proportions of these components in a spacer system will control the rheological properties of the final mixture, and thus, performance of the spacer. The weighted spacer systems are usually utilized in high-pressure, high-temperature (HPHT) conditions, where high formation fluid pressures (usually larger than 69 MPa) are expected and serious problems of sedimentation can occur in the case of low rheological properties of the systems. HPHT conditions exist in deep or thermal wells. Also, these conditions can be expected in shadow depths, where abnormally formation fluid pressure or temperature can be observed. The spacer design can be changed based on different conditions including the geological condition of the well; however, it should be designed for a specific RESEARCH NOTE density, mud system, cement system and rheology. The efficiency of a spacer system is largely dependent on the rheological properties of both the fluid being displaced and the spacer itself, which emphasizes the importance of accurately modeling of rheological properties [4] . In this work rheological properties, i.e. shear stress versus shear rate of a spacer system have been measured at different temperatures (100, 140 and 190°F). The spacer is a weighted spacer, which is specially designed to meet the existing geological conditions of the well. Then, two rheological models, which are already optimized by genetic algorithm, are applied to predict the rheological parameters of the system. Genetic algorithm (GA) acts as a population search algorithm which is based on the principle of natural evolution "survival of the fittest" presented by Charles Darwin. Over the last years, GAs have received more attention because of their potential application as optimization techniques for complex problems. Many researchers, including Romero et al. [5] have described the application of GA in hydrocarbon reservoir characterization. Gallagher and Sambridge [6] presented an excellent overview on the use of GAs in seismology. A new approach for modelling the dynamic process of Fluid flow in porous media is presented in the work of Yu and Lee [7] . The paper of Tupac et al. [8] presents a genetic algorithm application for selecting the best alternatives for oil field development.
However, this paper describes the implementation of a designed genetic algorithm to carry out spacer's rheological properties characterization.
MATERIALS AND METHODOLOGY

1. Rheological Models and Designed Spacers
For accurate evaluation of fluid displacement, it is necessary to know the rheological behavior of the fluids [9] . Rheological measurements normally consist of imposing a strain and measuring a stress, or imposing a stress and measuring strain. Viscometers and rheometers are used to measure the rheological properties. In this work rheological measurements were carried out using RHEOTEST RN 4 rheometer on a specially designed weighted spacer system. The spacer is formulated as a water-based system, which contains hematite to adjust spacer density and surfactant to increase its cleaning ability. To control the rheological parameters, carboxyl methylcellulose (CMC) polymer is added to the system. CMC is an effective additive, which has a wide range of applications. In this work a high viscosity CMC is used to provide the sedimentation stability of the system. The detailed composition of the designed spacer is presented in Table  1 . The spacer samples were prepared in accordance with standard procedures. Firstly, CMC has been solved in the water. Afterward the other additives have been added to the mixture. Then, the prepared fluid was mixed for 3 min at a speed of 1500 rev./min. The rheological properties of the spacer fluid have been measured at different temperatures.
To mathematically model the measured rheological properties of the designed spacer two of the most common rheological models, Bingham plastic and Herschel Bulkley models are used (Equations 1 and 2) . The given models should be optimized firstly by genetic algorithm. Bingham plastic model:
where τ is the shear stress (Pa), γ shear rate (1/s), YP the yiled point of the fluid (Pa) and PV the plastic viscosity (Pa.s). Bingham plastic fluids exhibit a linear relationship between the shear stress and shear rate after an initial stress value (YP) has been reached. Herschel Bulkley model: (2) where τ is the shear stress (Pa), γ shear rate (1/s), τ 0 yield stress (Pa), K the consistency index and n the flow index. The Herschel Bulkley model can be described as a generalized model of non-Newtonian fluids, in which stress-strain relationship is characterized by three parameters.
Genetic Algorithm
To use the proposed rheological models, firstly the constant parameters of two equations i.e. YP, PV, , K and n have been optimized using GA. Genetic algorithms were first presented in John Holland's book "adoption in natural and artificial systems" [10] . GA is a random search technique, which abstracts the Darwin principle in natural evolution of biological organisms, into algorithms that may be used to find the optimal solution to a specific problem. The main difference between this algorithm and old traditional search algorithms is that it is a population-based algorithm, which means that it works with a group of candidate solutions while traditional search algorithms pick one solution from the search space at a time to find the optimal solution. GA also combines the solutions in a population to get the better solutions [11] [12] [13] . GA starts with an initial population of possible solutions to the problem being addressed. Solutions are then selected from the population according to a stochastic process that rewards to the solutions with better performance, and their genetic information is recombined and modified following genetic operators to form a new population. The process is repeated until a convergence is detected, or a specified maximum number of function evaluations or a generation is reached.
The optimization tool module of the MATLAB ® computing language has been used in this work for genetic algorithm formulation. To start optimizing, the constant parameters of Equations 1 and 2 are binary encoded to one chromosome containing five sections (genes) each corresponding to one constant parameter of the models [5] . Then, the following steps are proceeded: a) An initial population of chromosomes (solutions) is generated randomly, covering the entire search space. To this end, a creation function with uniform distribution has been used. The population size (N) is estimated by following formula (Equation (3)) [14] :
In which K is the minimum number of binary digits necessary to show each gene. For most problems its value is between 1 and 5, α the expected failing probability which should be less than 5%, σ fitness the standard deviation of the fitness of a set of chromosomes and d the expected fitness score difference between chromosomes. By selecting appropriate values of above parameters, N roughly lies between 50 and 400.
b) The fitness of each chromosome (how appropriate the solution is) is evaluated using a fitness function, which is defined by the programmer and is specific to the problem being solved. The fitness function has been defined in a root mean square sense as (Equation (4)):
In which n equals to the number of data points measured by rheometer, the measured shear stress and modeled shear stress. GA will find the parameters of the equations such that the fitness score become minimized. At the end of this step, each individual has a value corresponding to its fitness. If the average fitness of the population satisfies the convergence condition, the fittest solution in the population is picked up as the solution; nevertheless the following steps are taken. c) Parent chromosomes are selected randomly from the initial population according to their fitness value to form a mating pool. After parents are selected, they undergo GA's operations like cross over and mutation to create offspring for new generation. There are many selection methods including roulette wheel selection, random selection, rank selection, tournament selection, Boltzmann selection and stochastic universal sampling. In this work the roulette wheel selection method is used with top 10% of each generation is passed to next generation without change.
After the offspring are generated, they replace the individuals in the old population. If the convergence or end condition is observed the searching process will be stopped and the best solution in the current population is returned as the optimum solution, otherwise the process is repeated from step (b) as a loop. Some of these end conditions are as follows:  Maximum generation: the GA process stops when a specified number of generations are produced.  Elapsed time: the GA process stops when a specified time is elapsed.  Stall generation: if there is no change in the fitness functions of n successive generation the GA will stop. The value of n equals to stall generation.
3. Result of GA Formulation
Different formulations of genetic algorithm are considered in this work. Three best formulations are presented in Table 2 . The formulation a has been applied to optimize the parameters of the rheological models as it has the smallest fitness score value (2.451) among the other formulations.
At the end of this step, our rheological models are optimized. So the value of the constant parameters are known and the rheological models can be used in the spacer's rheological properties characterization, which is the overall contribution of this work. The GA optimized rheological models have been applied to precisely predict the spacer's rheological properties, which play a crucial role in the drilling fluid displacement process. 
DISCUSSION
In this work genetic algorithm, which is a powerful search and optimization method, is used to optimize two common rheological models. GA seems to be a good way for solving problems where normal algorithms are too slow or fall in the local solutions. It should be noted that genetic algorithms are not a solution for every kind of optimization problem. They give the best result if they are properly applied into the appropriate problem. The performance of the GA is significantly affected by population size, selection strategy, cross over strategy and encoding method. Designed genetic algorithm finds the constant parameters of the proposed rheological models (Bingham plastic and Herschel Bulkley model). Figures 1 to 3 show the GA optimized rheological models and the measured shear stress of the designed spacer at different temperatures. As shown in the figures, the Herschel Bulkley model performance is far better than the Bingham plastic model, especially in the lower amounts of shear rates. The Bingham plastic model overestimates the yield points of the spacer systems.
The average coefficient of determination (R 2 ) for Herschel Bulkley model is 0.97, while Bingham plastic model has a coefficient of 0.75. The coefficient of determination is a statistical parameter, which shows the agreement between the real and modeled data. 
CONCLUSION
The following conclusions can be made according to the results of this work:  The polymer based spacer systems of this study are better described using Herschel Bulkley Model. As this model gives more accurate prediction of the spacer rheological behavior at different temperatures, compared to Bingham plastic model.  Polymer based weighted spacer systems, containing CMC show reliable performance at elevated temperatures.  The genetic algorithm as a search algorithm, finds the parameters of each model far better than the old traditional technique, however the design of the GA play a critical role in its performance.  The reliability of optimized rheological model depends on the knowledge of uncertainty, which implies the validity of the specified models.
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